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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface- 
emitting semiconductor laser with photodetector capable 
of satisfactorily securing the laser oscillation 
characteristics in a photoemitting part as well as the 
photocurrent conversion efficiency in a photodetecting 
part. 

SOLUTION: The first conductivity type semiconductor 
layer 101 A and the second conductivity type 
semiconductor layer 101B are laminarly formed in at 
least two regions on a high resistant semiconductor 
substrate 102. Next an optical resonator 120 emitting 
light in the vertical direction to the semiconductor 
substrate 102 is formed on the second conductivity type 
semiconductor layer 101B in one region in the substrate 
102. On the other hand, a photodiode is composed of the 
first and second conductivity type semiconductor layer 
1 01 A 101 B2 in the other region on the substrate 102. 
The second conductivity type semiconductor layer 
101B1 in one region is formed in thickness exceeding 1. 

m to be used for the lower electrode for current implantation. Furthermore, the second 
conductivity type semiconductor layer 101B2 comprising the photodiode in the other region is 
formed in thickness not exceeding 1 . m after performing etching step. 
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if * * ;Wli;- r jgfiSc r s c t> "C * 

[0 0 5 9] 0PLfcfC rtAu-Z n^T^ 

^WP^fh^ll CttttBffi) 1 1 2A\ 

fnio9t:'j y^mcmmLTBm^n. mw&x 
mi 1 2T«t>n-c^ft^a8nt. ragicatu ltv 

S„ fit, -econ^?^ h/Il 09(Dm&m (&&s 

tfT a20smt%:5tmcmmU $l8 0 0 nmlta<O 
ft{c*fL9 8. 5-9 9. 5%<DELMm*&-D7'*7'<D 

wmfc&mm^-i 1 i^w^nn^o 

[0 0 6 0] C©— ^c05-5— 1 0 3, 1 1 lM>*^-<7> 
J«LTV3.>Lt\ ilMH5 7-l 1 l«lgj£ 

*s$iMfttf2jB©*n€ft©w;*fci\ ftttfgggi 2 
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[00 6 1] Ot#jgffi?©b-tf58«»flO ±«I«S 
112^ 01 fcl^-f^-VflMffi 1 1 5 a±.lcfef& 
SM^La^titay^^ ht-STfflUffi/l l 0 
i B i fc©ra»cJttfriWtE#9Hina*iT (**SS09o« 
±Wt«l 1 2fr^TfWii7*S$2llS 

i o i b i '\o^fc«E^9iiin?ns)- Sift 
ax*^ffftfcnso »^#p?gtts 

10 5^t^n, DBR57-103tit^ 

H55-1 i i fc-eflifig^nafiiMiipw^^io^ 

a, Sttgp^i i .4 ©^ataftiisn^ i , ^2© 
Mio7, 1 0 stcfctjgaciito^tu ®m&< u 

[0 0 6 2] ?,LT, PJPgPl 1 3 Mf 1 0 

9©HtBffi) Mi«ft^il55-1 1 l^r/rLT, 

[0 0 6 3] i&CDEfflrtimt LT, pS^SPWf 1 0 1 
A, nS^MWWi 1 0 1 B lRr>*7t««§gl 2 OCOpS 

fcfe-p^So ma, pS4mhwb i o i a, ±mtsm 
i i 2fflicu-ir«iB-rs^E*jto*^fcf?, nU¥# 

WW l o l B l fc!8/h«ij&£jta*.£fc, 
— «fSHBflwr*4:*«. c<r)J;dftSg«)7?jStt. ffl/MS 
C i: A^, -fe©S« 1 0 2 ±<D«IS«^7tgP 1 0 0 A 
[0 0 6 4] CC1T% ffi?g)t§i#*^^-1f(DTffl«ffi 

at LT«a&rs3i2wm$!iNMwi 1 o 1 b 1 tt. « 

ttx 1 0 0 A giiA^ 5 0-1 0 0 QSS# 

0. «2#fl#»Ml 0 I B KOffiitmi OQab 
Sfc v CCDfiJnilciS^A^mT^ft^A^trfeSo 
[0 0 6 5] CO!2IWffl*»ftI 1 0 1 B 1 (Dffitt 

i o i b i oimit, wx-zmMfr 1 ? 
<ftt>, mmvt. MfloisftttfciHJift^'rso c©^* 

^2ilifi#I 1 0 1 B 1 ©g]JCD± 
[0 0 6 6] JKfC m2^«§!J^{*B 101B1©! 

fts&enso ?fi2 3iiis4M»wi i o i b i i 

xiC'cm- 3 *a^«®«f^-l' y 7iftgA^Sift 
0, SSH^ft©StlA^a<ft5o LA^ts £<D&g 3 B%{t 



(9) 
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«, ra-^o-bxlcktJ^^n^JtWSfi l o o B« 

<Dm2mmm*mte.mi o i B2icti!o«fc:£-f3<:£ 

ftlcOS^So fie-cT, ^2«liW#Il 0 1 B 1 
[0 0 6 7] U±_(D%mfrZ. fi£vH8<}¥£;U 

A©^2®«§y**^i o i b i comma, 2-3// 
to o 6 8] a*, ar i sres^sww i o i A<omm » 

'TSdtJbWSLl/-', $fc, <I<D/f 1 0 1 A©§iJ¥«l 
[0 0 6 9] #fc, g^WSSmWWI 1 0 0 B 1 , 1 

o o b 2 <d*-y y rmm^-o^x^mt^ mtu i 

0 o ACDmzmmm^wfcm i o i b i coffin?*. z<d 

U7«Stt, 5X10»cm J i:&5 9 f 2#f 

01B1 <Dmm&, ZtDTmtQ 1 (imtL 20 
rmKli. ffift{i£ffi<T5fcJ6{Cli, 2X l 0 19 cm 
-3 <7)^-v U 7«ft*^Si:*?.o 

[0 0 7 p]fct, fgftgPl 0 0A©|fS2i!PW«» 
ftHf 1 0 1 B 1 CQBSJpft^ l(im~5|imt*fe5i:t^ 
#JH^§fc, ^©4^ V7mmt5x 10"~2XI0 
19 cm- 3 £TZ>Cttftff&^\ 

[0 0 7 1 ] ZZlZ, fgftglU 0 0 A©S2flS*f 

wi 1 0 1 b 1 <ommz. ^ommrswm<DTmv$>^ 

7zftfi« 1 X 1 0 19 cm 3 ±ifM3^mi 30 

bfcfc*. =t<D^-^^7mmt 1 X 1 0 18 cm- 3 T?S 
So fct, »2*^^f*JHl 0 1 B 1 <7)ffiiJ?£\ 

TflJta 1 x 1 0' 8 ~1 x 1 0 19 cm- 3 tTZCkbm 

[0072] (ft^m^cDft&mi&m siftsp i o o 

«2fU ft^tHgm 0 0 BtcA*ft£„ COft&tHgPl 

0 0 Btt, mi, mzmwsi^mfaMi o 1 a, 101 

1 0 1 A, 1 0 1 B 2<Dm<Dftmz&l&-$tlZ,£ZmiC 

2mmm^m^m \ o 1 B2±tc^?ns0^tft^ 

[0 0 7 3] T^ffiSPl OOB©02«1» 

10 1B2tt, fgftSP 1 0 0 A<Dttfo?%>m 1 0 
1 B 1 tm-7a-t:Z.lcr&f8.-$tl%tcib, CC/il 0 
1 B 2 cfJCD^-V U TrAS^fcb&WB < s ±j&<Dmt*i-o so 
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[oo7 4]fct% yt^mmi oob 

^o^2»*iyw»*i 0 i b 2<T)mm*m<t2>~ 

tT^So **«J7?«, COft^ttigPl 0 0 B *¥<DW, 

2mnm.¥-mfom 1 o 1 b 2 ©gyp*, 1 m m^wfc® 

[0 0 7 5] meii. V— tfftOfgKStfi* 8 0 0 nm 

fcu fg2 5»ssw*ji 1 0 1 k z^<o^mmm.it 
1 x 1 o' 8 c m- 3 1 Lfcm^<Ds m2mnm^mwm 1 

0 1 b 2 oymmt, W^^ti^mMh<r>m%^t"y 

02^MS*#^* 1 0 1 B 2<Di¥^>bW^(Sif. ft* 
SS<D^g|$Wtf if < , : # fc 0 • 8 /* mJ-XTT" « 9 0 % ^ 
&»J , 0 . 5 /* mT'li 9 5 %©ftgMW£f#3 £ £ & 

cco^*>p.w^^ » 2 1 o 1 

B2<9ffiiJ?tt. #$L<Ui0. 8^mttT, 

110. 1 /imJ-Xt£T3fccW£^ 0 KiS»TPIt?&£ 

o . i ft m*T@2 ^ ®jftawin < mmcommtf^ 
o. l/i mj-x±<DMJ?icT i o o %<Dytw.ffi.t>m e. nr 

fep, 0. 1 /im^rTlHlS^tLTtftm^^a 

[0076] (Sis^-trx) muz^twmt 
mxmfov— y i oo<D»iig7 p p-fexfco^TtKB^-r 

03 (A) (C) , MA (A) ~ (C) JkXSms 

(a) , (b) mmm:m^immM^m\y 

[0 0 7 7] iSfiinG a A sll 1 0 2 (c, pgJGaA 
sflOlAi, nf G ao.85 A 1 p.is AsIlOlB 

^, nSGaos Alois A s /■ 1 0 1 BCQffStt, 1 
/imJ-X±T^?tl, !ffSl<tt5 MmJ-XTT'&So S 

111. nSGao.ss A lots A s H 1 0 1 B ^(D**? >J 7 
SJgli, L < « 5 x 1 0 17 ~ 2 X 1 0 19 c nr 3 

?6J<:$f£L<li, 1 x 1 0 18 ~1 x l o 19 cm 3 
TfeSo i^Xgiiij;'?, 5§ft95l OOA©^ 

2#*§y¥j»^« 1 0 1 B 1 ^fiic^nSo 
[0 0 7 8]^"CO^ nSiJAlo.is G ao.ss AsMtn 
MA lo.s G ao.2 A smt*5imcffimLT't&9:8 0 0 
n m^Jff©ft{c: fcf b 9 9 . 5 %U.k<DKW£KWO 4 0 
^7<7)DBR57- 1 0 3?:TgP5 9-i:bT»«t- 
3„ niAI0.7Gao.3Asf 
^) 10 4^:^0^ n-lGaAsWIcn- 
^Alos Gao? A s^U7*i;*5ii:tC»iILy-c»^ 
(MQW) ©gttSl 0 ^© 
pSlA 1 0.7 G ao.s A sm (®2 FJf) 1 0 

6, iS&Zf pMA 1 o ; is G ao.ss Asf (n^^h 
Jl) 1 0 9^HB^«HTS (03 (A) MD „ 



(10) 
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[0 0 7 9] ±$Z<D&Ml 0 r A, 10 I B, 10 3- 
1 0 6Rtf 10 9^ W«^JS«ffl«fi (MO V P E : 
Met a 1 — Organic Vapor Phase 
E p i t a x y) Statf^+i/tMI?*^ C 
M*.fcf, fiKfiiawj 7 5 0°C, /£fiJE*« 1 5 0 
TorrT\ I I iSg^cTMGa (h^fM 
») , TMA 1 (hU;*^;l/7;l^-^20 OWH^S 

ViHSSfcAsHa , nf F^M^HzS 
e , pSF-^y^cDEZn Cyxf7l/i?>20 * 

[0 0 8 0] &m<DBf&&, XK$r*^*7l/Jf±fc«ffi 
»CVDg»>t, 2 5 0*^XHD-AlfifiDS 

[0 0 8 1 ] #lc. SJStt^^Vtf-^X^y^V^ (R 
I BE).j$fc*!>. l/^Xh;^-yR nMtoti&ft 

1 4fttf3te«fflWi oop©««*au ft 

}££P#1 1 4flD«Hfe:jP!l 1 q«:J&EUft#£K SI 2* 

(03 (B) #fi8) 0 R i BEj£*ffll>Sfcfe. 

fuKfttfSitfH 1 4<DflJffltt{5«S«^ft5, S/cxtf 

**2/^7i/JB^'^>«"- s>fc«fcA'H 3 &Vo r i beco 

*#fcLTtt. MAfcf. ffi^60mPa, X+rWtvi 
^/W-15 0W, §ffflL«S3 5 0 VtU Xy^ 

/Co 

[0 0 8 2] clCDtls l/^h^->Rl*SSlO.» 30 
^ fffiCVDST% »1 00 0*>^XbD- 
AgJt^S 1O2 ff (!gl*&3i§i) 1 0 7«« o 
C(0IR©ytJtX*fftLTB, W^'ifiiaS4 5 

o°c, kb^lts i H 4 (-tys/^v) fc»fg#teffi 

Ify^-ba^ffl^tSOG (Spin on Gra 
ss) I108L %mftL, ^(D&fflZLlf, 8 0 °C7r I 
1 5 0CT2m Se>fc3 0 0tT*3 0m 

sg**^^-*v^-ra (0 3 (c) #M) o 

[0 0 8 3} ^IcSOGMl 0 8 LtS i O2 M10 40 

7^x7fy^7^ut. mmLtc^y*? vm 1 o 
9©3RSBfcffi-fcaaj;5fc¥a{b**fc (04 (a) 

*>X7fy^ (R I E) SSSfflLx 'KJStfXfcL 
T, SFg , CHF3 fc£tfA r*i*^WT«iL 

f0 0 8 43*fc:, mftmi 0 0A*fi«fcSLT, t 
6DSIH%, "FSBS^— 1 0 3^f(DTi^nSGao.85 
A 1 0,15 A si 1 0 l-B^StXy^ym<, » 
WTtU£> SSJ^SPl 0 0 AOfflBfcTV nlGao.85 A so 
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1 015 Asiioi Boa®*«Hia'&a^i6©xy^ 

[0 0 8 5] CCDxy^^Wc&fc:. SSIIil 2 (0J 
fcfcf S i O2) SrfgjEgU x^^yy?ti5^*"Pft^ 
1 0 0 A kJtftt5WSli:> l/^X b/^-VR 
2*»J«LTtf^« (0 4 (B) #M) o 

[0 0 8 6] mz, 124 (C) £*rr<fc-Mc. ymmv 

1 0 0 B tftft^SffiW^^TCD^ nHiG ao.ss A 
1 0.15 Asll 0 1 B£3fc*tBfSSl OOBfiOJtttfflfc* 

ntl^o *^fc v *fc«S|/^'->'«J«ffiJ 15a£ 

TVS, COXy^y^fcJ^ ft&tfJSin OOAtCT 
7* h F*«J5g-rS— B^T'fcS nlG ao.85 

A 1 0.15 Asll 0 1 B2^ 1 /i m5fc»S, b < & 
0. 8 fimKT, ?e>fc»iL<ti0. 5/imfitTT? 
0. 1 /i mKl^IWcMtSc t^T^^o 
[0 0 8 7]*C, 0 5 (A) iofxt<fe^C, P 5!iGa 
Asll 0 1 A nSlG ao.85 A } 015 Asf 1 0 1 

bi, 1 0 1 B2twn?n> x 7 f^at)gi 

5a, 115b, 1 15c^iLTM 0 fg;^- : 
y&$M 1 1 5 a nSG ao.85 A 1 o.is AsflOl 
B 1 ICT&j&Ztl, 'TSWSJf"C*S niG ao.85 A 1 

0.15 A si 1 0 1 B Uc^y^^ btSfefetDii;^ 

tt. T^mSfll 0 0 BOplGaAsIl 0 1 A_kfc3 
CWo «S/^-Vffll 1 5cte N S^fcgP 

1 0 0 AfflOpSyG aAsIl 0 1 A ±£JKJS?ft5 0 
[0 0 8 8] ^ «)feSP 1 0 0 AfttfJtefcffiW 1 0 

0 B <Dm 1 *«S!¥3WWi lO lARtt ^ftSP 1 0 

0 a at; 3te*ia« 1 0 0 b <om 2 mnm^mfom 1 o 1 
b 1 , 1 0 1 b 2 m±t^m^micmm^^^rMc 

W#®»!?»#lc:tefr$«JI 1 0 1 A, 10 1 B£:#iJ*. 
tfX^^V^CcfctJ^SLT, #Rt«l 1 6«ft*l/r 

[0089]^ bMi 09 tv>?mcm 

bfc (0 5 (B) o hSi 0 9&Jt{R« 

CJ 1 2<DF3BfflQl 1 3*^LT»flJbT*D, eio 

9—) 1 1 l*4MiIOU7h*7^ 5 E>L/<*ixy^y 
i^FS5EfcJ:p«*'ra (05 (B) PM) o 



(11) 
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i i n^-umw^m^x, s i o 2 mti 
a2 05 m^mmn. i ^ymm Lxi&m tu m& 

800nmf#(D7KfcjtLT9 8. 5~9 9. 5%(D& 

Mm?tft~3<, c^o^xtr-Kti, mmzs io 2 

tf5*y^"Xhn-A/^ T a 2 05ji^2 *y»*xh 

[009 0] J-X±^X5giC}; i? , m 1 KJSf JfclfttHfiWtf 
* ©B55S}fcS!¥SW* b— if i^ET S o 
[0 09 1] 07l±. (A) COMOV P ES£©H#& 

[0092jO$t), iKOMOVPESItt, iWX 
7b^^?tx5**X«^a52 1 0 a «fc r/^f X^t±jgP 2 1 
0 b5&#-T5S)Sf?2 1 OCQJSBfc:, rtSMOJO&il^C 

t t * -3 rsj£f .tw swsw 2 1 2 tmv % tiT 

■9--fe7 P ^2 1 4^Stt?>n v C<D+H?:/#2 1 4©S« 

igBffifc®fsa5»cDS(SW2 1 oafls»cK«yg2 1 6 

^la^&tlT^*. I£&5g2 1 6<D±*fcli)tai2 1 8 

*j*o*7t^fflS2 2otfsssn, ftM2 1 8*^ttw 

[0 0 9 3] fit, 3t«.2 1 8fr&©Jt«g«SJ:fc: 
[009 4] m 8 tt, #^ffa©ffi£3^#«M* U-lf 

sii*«jsts£2»*s#«kwii oibwdbr 

5^-1 0 3*H7fciK37SJg^*ffl^TMOVPE 

mcDj&mmmz^L, lti^s. pom 

[0095] Hgic^-t^M^ m2mnm¥mfomi 

mi 0 1 B(Dim&*ntLrc£%, A/2 n(Oif X 

m c«ef3 2%) oai?3o%) t©w*ja» 
m2mmm¥-m&mi 0 1 BwrnmowzmfLx 
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tT\ ^2 l 0 1 BcDK^M^av 

JI10 1A, 1 0 1 B*fHftlpE nlGaAst* 
JftSLfcifr&tefcJu S»©S±tt (Blf3 2%) fcffi 
/JMi («#3 1%) fc©ffl*Sfflfi9fc<»)jgU 

[0 0 9 7] —73, 1 0 3<Dfffi&teMLT 

it. H8fc^-r.tfeo\ ai 2 »«s¥swwf i o 1 b± 

k-#}i6ffi;JS#T* n 1© A 1 0.8 G 3 0.2 A s*&Mt&t 

flWft^in-rstcons^^ao-ra. eiiE* s (a/ 

4 m) KKZ t&\&MD%fafr%-Z><DX\ C<D%t#nM 
^t-^LTv OTWn2C0A 1 o.i5 G 30.85 A s CO 
P»lC#IDS*.3o ? LT, A 1 oi5 G sow A s iff © 

20' Jf^n.iCOA lo.s G 30 2 A s COJt^^D^^So C 

. [0 0 9 8] dcoSW*7 p n77-l';Ui. SgfficO^fiii 

0) t?^M-r-5«cDA Ifflflg^gSL, SJf^©S?S 

aiSilO©*^ (A/4 n) ^ftDBE'7^ 1 0 
30 3*n#?>tlSo 

[0 0 9 9] ?P>^ DBR57- 1 0 3gft©S#t* 
«S*J*fi«f teWJ£Tf*SC fc*>6^ JUgfiKiffc D B R 

5-5- 1 o 3©^7»^iLfto, wjaoassfb^i* 
[oioo] sfc, m^^s^L^^B^^saiSf 

?T7t;tc UDBR57-1 03^0 ±SPc0=&iicDKSt 

40 sarnie x d , ffifgTtsy u— 9»tejgwa 99. 5 % 

W-hcOSW^^^oD BR5 < ?#en 

[0101] ±ie©pMij«i*a{4, movpe 

[0 1 0 2] 04 (B) , (C) ICRIBESI: 

hrmmm\^^x)$^ a 

[0 10 3] CCX\ £<D3L<y?y-?<D&lC jt^ttigP 

50 100 Ecom2mnm^mwmx$>^ nWG 30.85 a 1 
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o.i5 A sjf 1 0 1 B 2<DiUS«:iES|k:#afc«>»C- Hi 

[oj o4JHro», ^y^-^ba^sxtr^^i/ 

[0 10 5] C©R I B ESItt, X^f y^i2 3 0 
ic , X^ XVg 2 4 o is £ tf SH?c#S&«J£-r s 

Sfci6<7)^;I/^2 3 4 ^W-rSo COM^Z 3 4 J4, 10 
a- Kn-y^f 2 5 O^bTitiigfttc^tt^tiTl/^ 
S 0 X-y^r/^2 3 OfO^X^i^ 4 0 ffliJOffllJUlC 

tt, f£«082 3 6t5<fct?2 3 sftWg-rsfitBtistf ?> 

ftT(,>S„ ^LT, 1^^12 3 0^ Mf3§£t 
«&2 3 6fe<J:tf 2 3 8£^£^y±tc— *f©£ftf5 
1 *J*t>"M2^{tP>nTV^o -\>3<Diyi!S2 
3 6 2 2 6AOT«tU ffi7?©^m^2 

3 8©^73lCtt^mgg2 2 8A^B2tlT^So $ 
fc, TV XV'* 2 4 014, v-f?P}fc#A3l$2 4 4fc* 

*&gP2 4 6^*rf2 4 stm^nx^c ^lt, x 
7X?i2 4 ovmmz.®.-??*? h2 4 2Awte>n 

"C^So 

[0 10 6] CCDR I B ESBfcfct^Tki:, ji^CD/jft 

ic a -> rats s iigaajs nfc*s«i*x ? ^ ^ x-r s 

thtt, 7tS2 2'6fr£H8«£ftSy£*K1gSg2 3 6 

mmzfcM^^-M i fe*tfsa«2 3 s^tDt 
^^©sw^^-^-rsct^T^So 30 

[0107]B11B, nUG ao.85 A 1 o.js A s H 1 

0 1 BRZf D B R57- 1 0 3^, 0 1 Otegfiyf 

e^fW^fc^bfcfeWfeSo C«l 114, xtf* 

* i/ -y )im&mm^-rm s (Dnmn^MK Ltct><Dt 

l§J— T&So flfoT, SW^Xn^r-r^**— 

ctr% 04 (b) t^t-j^ic, mzmmm^m^m 

1 0 1 BcDSffi^Kft^S^Dx-y^yXxy Ftf-i' 

(D'&ft&nm* (O 0»2t»«S!iiSSW**l 0 1 B 40 
^mffi^^ffS Tx 7 f >-Xf S fcft©§W!«S* , 

[0 10 8] *HSfiPtC*3^T«, 03 (A) 

m<Dfc%m~?v 77^ to^&x wctms 

BR57-103 Xt/gf 2 VS£!$*ttJ|i lpl.BW 
•y * y X£r»c a y b P-;H"5 C t imffe t &So 

DBR57^-1 0 3flQ±gP©#®<DX-y^>^i:fe]gffi so 



22 

So 

[0109] ({uB^tH-b 0 1 2 14, ± 

I2*M^fc^^S>fe^iBS|5^^ff)*W#:U-+fgBl 0 

0 $\ {£B$ tH -fe ytJ-tlffl b fc**6M** L T ^ S . 
JKEHri/lttCfcifUf. {4B£1MSlM^#itftffit3 0 0 
fclt±0IJ*.fcf|H]ffl5 3 0 2tfJfc«S*lTVS„ SSJtepi 0 0 
Aft^a»StlfeU^1fl4, C<DWffi3 0 2 fe^ntm 

©M^tT'Sif^n, satan oo Abates** e>ti 

fd?iRtf 2"S>©7 , £«mg|5 1 0 0 BfcT, JtOSWJt^ 
tt?tlS 0 18*63$ 1 0 0 A£ft&fflgGl 0 0 

Bti4, m-mm.i 0 2±t, /^-xyxmffiTiEsi 

b icr^a s fttt&.ztytv&xmvm&ttz. * * s c 
tx\ wu&im 300 <sxMi*tta-r s c t tfi"vi* 

So ft&tHgBl 0 0 B;F— D©J§#fc:t4, ^(D—OOlJt 

mmu i o o BfcT^m?nss7 1 e»ic .to, «£*f 

^30 OtDfitB^W-rSclfc^^So 
[0 1 10] (BE^J-feyy-^JSffl) 01 314, 
ilc^^§^{iiW^«)«ftU- f»Bl 0 0^ a 

B10 0I4, 1^4 0 0±fcEI2n, fPffl-rSffi^tc 
*-aT|Effif 5^ffiat»WAtf^JR»K4 0 2t>\ w®. 
ftmx-l£JI*4 0 4*/l-LTS^4 0 OJitelBB^tlT 

i^s 0 ccDffi^-by-y-Ttt, 01 2^-rffiB^ta-fev 
i: mar +*<o5i«^ 1 o o a * o m 

n, je-flDS^j&^SRoitetttaa i o o Bfct«tn?n 

S„ *-LT, CO«|R©}t«W»l OOBlcT^til^n 
S^TfePOSiJ^^^rSCfct?, ^Si?K4 0 2t 

[0 111] (^es^ffltVT©)tttta«W)ffiffl) 3fc« 

thgp i o o b i4, i o o a i d m*t?ns u-+f 
^©^a^x^-rsfc^icfflt^scittT^So — ir 
ic c<Da<o^ftb-tm+-v -yxw±^ns 0 c© 

H^, ^-vyX^^nfeTfeffifOWLfflcO^X^ 
14, t»J^.{f 1 %Sa<D5t%?feKagP 1 0 0 B fclRjttTS 
^■liS.fcdfcADX-rSCt^f S, ^LT, ^tKS5 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. .' - 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Field luminescence type semiconductor laser characterized by providing the following. It is 
the 1st conductivity-type semiconductor layer to at least two fields on the semiconductor substrate of 
high resistance, respectively. The 2nd conductivity-type semiconductor layer carries out a laminating, 
and is formed, in one field On the 2nd conductivity-type semiconductor layer, the optical resonator 
which carries out outgoing radiation of the light is formed in the direction perpendicular to the 
aforementioned semiconductor substrate, in the field of another side A photodiode consists of the above 
1st and a 2nd conductivity-type semiconductor layer, and the aforementioned 2nd conductivity-type 
semiconductor layer of aforementioned one field is formed by the thickness of 1 micrometers or more. 
The photodetection section to which the aforementioned 2nd conductivity-type semiconductor layer 
which is used as a lower electrode for current pouring to the aforementioned optical resonator, and 
constitutes the aforementioned photodiode from a field of aforementioned another side is characterized 
by being formed in the thickness of less than 1 micrometer. 

[Claim 2] Field luminescence type semiconductor laser equipped with the photodetection section 
characterized by the aforementioned 2nd conductivity-type semiconductor layer thickness in 
aforementioned one field being 5 micrometers or less in the claim 1 . 

[Claim 3] It is the field luminescence type semiconductor laser equipped with the photodetection section 
characterized by the carrier concentration of the aforementioned 2nd conductivity-type semiconductor 
layer being 5xl017-2xl019cm-3 in a claim 2. 

[Claim 4] Field luminescence type semiconductor laser equipped with the photodetection section to. 
which the aforementioned 2nd conductivity-type semiconductor layer thickness in aforementioned one 
field is characterized by being 2-3 micrometers in the claim 1 . 

[Claim 5] It is the field luminescence type semiconductor laser equipped with the photodetection section 
characterized by the carrier concentration of the aforementioned 2nd conductivity-type semiconductor 
layer being Ixl018-lxl019cm-3 in a claim 4. 

[Claim 6] Field luminescence type semiconductor laser equipped with the photodetection section 
characterized by the aforementioned 2nd conductivity-type semiconductor layer thickness in the field of 
aforementioned another side being 0.8 micrometers or less in a claim 1 or either of 5. 
[Claim 7] Field luminescence type semiconductor laser equipped with the photodetection section 
characterized by the aforementioned 2nd conductivity-type semiconductor layer thickness in the field of 
aforementioned another side being 0.5 micrometers or less in a claim 1 or either of 5. 
[Claim 8] The claim 1 or either of 7 which is characterized by providing the following. The 
aforementioned optical resonator is the reflective mirror of a couple. The multilayer semiconductor layer 
which is formed between the reflective mirrors of the aforementioned couple and contains a barrier layer 
and a clad layer at least. The photodetection section which it ****, and it is considered as the pillar- 
shaped portion in which the upper layer side of the aforementioned multilayer semiconductor layer 
which contains the aforementioned clad layer at least was formed pillar-shaped, and carries out [ that an 
insulating layer embeds and it is formed in the circumference of the aforementioned pillar-shaped 
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portion, and the up electrode which attends the end face of the aforementioned pillar-shaped portion, and 
has opening is prepared further and the optical outgoing-radiation side mirror of the mirrors of the 
aforementioned couple covers the aforementioned opening, and is formed, and 
[Claim 9] The claim 8 characterized by providing the following. The aforementioned multilayer 
semiconductor layer which the mirror formed on the aforementioned 2nd conductivity-type 
semiconductor layer among the reflective mirrors of the aforementioned couple is a semiconductor 
multilayer mirror, and the mirror by the side of the aforementioned optical outgoing radiation is a 
dielectric multilayer reflecting mirror, and is formed between the mirrors of the aforementioned couple 
is the 1st clad layer formed on the aforementioned semiconductor multilayer mirror. The barrier layer of 
the quantum well structure formed on the aforementioned 1st clad layer. The 2nd clad layer formed on 
the aforementioned barrier layer. The photodetection section characterized by the aforementioned pillar- 
shaped portion being constituted by the aforementioned 2nd clad layer and the aforementioned contact 
layer including the contact layer formed on the aforementioned 2nd clad layer. 
[Claim 10] The claim 1 or either of 9 which is characterized by providing the following/Between the 
aforementioned 1 st conductivity- type semiconductor layer of aforementioned one field, and the 
aforementioned 1st conductivity-type semiconductor layers of the field of aforementioned another side. 
The photodetection section to which between the aforementioned 2nd conductivity-type semiconductor 
layer of aforementioned one field and the aforementioned 2nd conductivity-type semiconductor layers of 
the field of aforementioned another side is characterized by insulating electrically, respectively. 
[Claim 1 1 ] The manufacture method of the field luminescence type semiconductor laser equipped with 
the photodetection section characterized by providing the following. It is common to the above 1st on 
the (a) aforementioned substrate, and the 2nd field in forming field luminescence type semiconductor 
laser in the 1st field on a high resistance semiconductor substrate, and forming a photodiode in the 2nd 
field on the aforementioned substrate, and is the 1st conductivity-type semiconductor layer. The 2nd 
conductivity-type semiconductor layer with a thickness of 1 micrometers or more. Each class excluding 
the reflective mirror by the side of optical outgoing radiation among the optical resonators formed in the 
multilayer semiconductor layer formed the reflective mirror of a couple, and between them. The process 
which ********** s the upper layer side of the aforementioned multilayer semiconductor layer which 
contains a clad layer at least pillar-shaped, and forms a pillar-shaped portion about the process which 
carries out ****** epitaxial growth, and the 1st field of the above of the (b) aforementioned epitaxial 
growth phase, (c) The process which carries out embedded formation of the insulating layer around the 
aforementioned pillar-shaped portion, and the process which forms the up electrode which attends the 
end face of the (d) aforementioned pillar-shaped portion, and has opening, (e) The process which covers 
the aforementioned opening and forms the reflective mirror by the side of optical outgoing radiation, and 
process which ********** s the 2nd field of the above of the (f) aforementioned epitaxial growth phase 
to the middle of the aforementioned 2nd conductivity-type semiconductor layer, and forms the 
aforementioned 2nd conductivity-type semiconductor layer thickness in less than 1 micrometer. 
[Claim 12] The manufacture method of the field luminescence type semiconductor laser equipped with 
the photodetection section characterized by providing the following. It is common to the above 1st on 
the (a) aforementioned substrate, and the 2nd field in forming field luminescence type semiconductor 
laser in the 1 st field on a high resistance semiconductor substrate, and forming a photodiode in the 2nd 
field on the aforementioned substrate, and is the 1st conductivity-type semiconductor layer. The 2nd 
conductivity-type semiconductor layer with a thickness of 1 micrometers or more. Semiconductor 
multilayer mirror. The process which grows epitaxially the 1st clad layer, the barrier layer of quantum 
well structure, the 2nd clad layer, and a contact layer one by one, (b) It ********** s pillar-shaped to the 
middle of the aforementioned 2nd clad layer about the 1st field of the above of the aforementioned 
epitaxial growth phase, The process which forms the pillar-shaped portion which consists of the 
aforementioned 2nd clad layer and a contact layer, (c) The process which carries out embedded 
formation of the insulating layer around the aforementioned pillar-shaped portion, and the process which 
forms the up electrode which attends the end face of the (d) aforementioned pillar-shaped portion, arid 
has opening, (e) The process which covers the aforementioned opening and forms a dielectric multilayer 
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reflecting mirror, and process which **********$ the 2nd field of the above of the (f) aforementioned 
epitaxial growth phase to the middle of the aforementioned 2nd conductivity-type semiconductor layer, 
and forms the aforementioned 2nd conductivity-type semiconductor layer thickness in less than 1 
micrometer. 

[Claim 13] The manufacture method of the field luminescence type semiconductor laser equipped with 
the photodetection section which sets carrier concentration of the aforementioned 2nd conductivity-type 
semiconductor layer to 5xl017-2xl019cm-3, and is characterized by forming the aforementioned 2nd 
conductivity-type semiconductor layer thickness in 5 micrometers or less at the aforementioned process 
(a) in a claim 11 or 12. 

[Claim 14] The manufacture method of the field luminescence type semiconductor laser equipped with 
the photodetection section which sets carrier concentration of the aforementioned 2nd conductivity-type 
semiconductor layer to lxl018-lxl019cm-3, and is characterized by forming the aforementioned 2nd 
conductivity-type semiconductor layer thickness in 2-3 micrometers at the aforementioned process (a) in 
a claim 11 or 12. 

[Claim 15] The manufacture method of the field luminescence type semiconductor laser equipped with 
the photodetection section characterized by forming the aforementioned 2nd conductivity-type 
semiconductor layer thickness in 0.8 micrometers or less at the aforementioned process (f) in a claim 1 1 
or either of 14. 

[Claim 16] The manufacture method of the field luminescence type semiconductor laser equipped with 
the photodetection section characterized by forming the aforementioned 2nd conductivity-type 
semiconductor layer thickness in 0.5 micrometers or less at the aforementioned process (f) in a claim 1 1 
or either of 14. 

[Claim 17] In a claim 1 1 or either of 16 at the aforementioned process (a) The light of predetermined 
wavelength is irradiated at least to the aforementioned mirror of the aforementioned 2nd conductivity- 
type semiconductor layer and its upper layer at the time of epitaxial growth of the aforementioned mirror 
of the 2nd conductivity-type semiconductor layer and its upper layer. The manufacture method of the 
field luminescence type semiconductor laser equipped with the photodetection section characterized by 
controlling the thickness of the aforementioned mirror of the aforementioned 2nd conductivity-type 
semiconductor layer and its upper layer by detecting the reflectance spectrum and measuring the 
reflection factor pro FAIRU. 

[Claim 18] In a claim 1 1 or either of 17 at the aforementioned process (f) The light of predetermined 
wavelength is irradiated at least to the semiconductor layer of the 2nd conductivity type of the above, 
and the aforementioned mirror of the upper layer at the time of etching of the aforementioned mirror of 
the 2nd conductivity-type semiconductor layer and its upper layer. The manufacture method of the field 
luminescence type semiconductor laser equipped with the photodetection section characterized by 
controlling the amount of etching of the semiconductor layer of the 2nd conductivity type of the above, 
and the aforementioned mirror of the upper layer by detecting the reflectance spectrum and measuring 
the reflection factor pro FAIRU. 

[Claim 19] The claim 1 1 or either of 18 which is characterized by providing the following. Between the 
aforementioned 1st conductivity-type semiconductor layer of aforementioned one field, and the 
aforementioned 1st conductivity- type semiconductor layers of the field of aforementioned another side. 
The photodetection section characterized by establishing further the process which insulates electrically 
between the aforementioned 2nd conductivity-type semiconductor layer of aforementioned one field, 
and the aforementioned 2nd conductivity-type semiconductor layers of the field of aforementioned 
another side, respectively. 

[Claim 20] The sensor characterized by having the field luminescence type semiconductor laser 
equipped with the photodetection section according to claim 10, irradiating the laser beam by which 
outgoing radiation was carried out from the aforementioned light-emitting part at the measuring object- 
ed from which a position changes, receiving the reflected light in the aforementioned photodetection 
section, and detecting the position of the aforementioned measuring object-ed. 
[Claim 21] the member which displaces the laser beam by which has the field luminescence type 
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semiconductor laser equipped with the photodetection section according to claim 10, and outgoing 
radiation was carried out from the aforementioned light-emitting part according to the pressure which 
acts — irradiating - the reflected light — the aforementioned photodetection section - receiving light — 
the above — a variation rate — the sensor characterized by detecting the size of the pressure which acts 
on a member 

[Claim 22] The sensor characterized by detecting based on the distribution of the light income which has 
two or more aforementioned photodetection sections which receive the aforementioned reflected light of 
the laser beam by which outgoing radiation was carried out from the one aforementioned light- emitting 
part in a claim 20 or 21, respectively, and was detected in two or more aforementioned photodetection 
sections, respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the field luminescence type 
semiconductor laser equipped with the photodetection section, its manufacture method, and the sensor 
using it. ' 

[0002] . 

[Description of the Prior Art] The optical pickup which uses light, records information and is reproduced 
as what uses the photodetection section which consists of a photodiode, a transistor, etc., and light- 
emitting parts, such as semiconductor laser, by the couple is known. This carries out incidence of the 
laser beam from semiconductor laser to a record medium, detects the reflected light in the 
photodetection section, and performs informational record and reproduction. Moreover, in an optical 
interconnection or an optical computer, by the light by which incidence was carried out to the 
photodetection section, it energizes to semiconductor laser and outgoing radiation of the laser beam is 
carried out from this semiconductor laser according to the optical intensity which carried out incidence 
to the photodetection section. 

[0003] It is necessary to set up the physical relationship of the photodetection section and semiconductor 
laser strictly in the semiconductor laser equipped with this kind of photodetection section. 
[0004] Here, when the photodetection section and semiconductor laser are formed with another object, 
both physical relationship has a limitation in securing a high attachment precision depending on a 
subsequent mounting precision. 

[0005] On the other hand, the proposal which formed the photodetection section and the light-emitting 
part on the same substrate at JP,5-190978,A and JP,6-209138,A is also made. 

[0006] In invention indicated by each of these official reports, on the same substrate, the crystal growth 
of the crystal-growth layer required for the photodetection section and a light-emitting part is carried out 
simultaneously, and it is formed. For this reason, the physical relationship of the photodetection section 
and a light- emitting part becomes settled in the patterning precision in a photo lithography process, and 
can secure a high position precision. 

[0007] However, in a light-emitting part and the photodetection section, the optimum conditions 
searched for in the same crystal-growth layer differed, and when the crystal-growth layer was formed on 
the process conditions suitable for one element property, there was a problem on which the element 
property of another side deteriorates. 

[0008] When the crystal growth was performed on the process conditions which suited the element 
property of a light-emitting part especially, the sensitivity of the photodetection section deteriorated and 
light of intensity feeble in the photodetection section was not able to be detected with a sufficient 
precision. 

[0009] Then, the purpose of this invention is to offer the field luminescence type semiconductor laser 
equipped with the detecting element which can both secure the laser oscillation property in a light- 
emitting part, and the sensitivity property in the photodetection section good, its manufacture method, 
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and the sensor using it, though a light-remitting part and a detecting element are formed on the same 

substrate. . 

[0010] 

[Means for Solving the Problem] In the field luminescence type semiconductor laser which has the 
photodetection section concerning invention of a claim 1, the 1st conductivity-type semiconductor layer 
and the 2nd conductivity-type semiconductor layer carry out a laminating to at least two fields on the 
semiconductor substrate of high resistance, and are formed in them. The optical resonator which carries 
out outgoing radiation of the light is formed in the direction perpendicular to the aforementioned 
semiconductor substrate on the 2nd conductivity-type semiconductor layer at one field on a substrate. In 
the field of another side on a substrate, the photodiode consists of the above 1st and a 2nd conductivity- 
type semiconductor layer. And the aforementioned 2nd conductivity-type semiconductor layer of 
aforementioned one field is formed by the thickness of 1 micrometers or more, and is used as a lower 
electrode for current pouring to the aforementioned optical resonator. Furthermore, the aforementioned 
2nd conductivity-type semiconductor layer which constitutes the aforementioned photodiode from a 
field of aforementioned another side is formed in the thickness of less than 1 micrometer. 
[00 1 1 ] Thus, the reason for changing a light-emitting part and the photodetection section in the 2nd 
conductivity-type semiconductor layer thickness is as follows. Since the 2nd conductivity-type 
semiconductor layer by the side of a light-emitting part functions as a bottom electrode layer, if the layer 
resistance is not made small, the resistance further added to element resistance of a light-emitting part 
becomes large, and it becomes impossible first, to disregard generation of heat. Depending on the 
thickness and carrier concentration, although resistance is made low, if the thickness of the resistance of 
the 2nd conductivity-type semiconductor layer is thick, it can make carrier concentration low. And if the 
minimum of the thickness is 1 micrometer, it will not become the superfluous carrier concentration 
which exceeds 2x101 9cm-3 although resistance is made small, but crystal degradation resulting from 
high carrier concentration will also be reduced. Since the 2nd conductivity-type semiconductor layer by 
the side of the photodetection section is also formed in the same process as the 2nd conductivity-type 
semiconductor layer by the side of a light-emitting part, crystal degradation stops arising also in a 
photodetection section side, and it does not degrade optical-current conversion rate, either. Moreover, 
the carrier concentration of the 2nd conductivity-type semiconductor layer is setting thickness of the 2nd 
conductivity-type semiconductor layer of the photodetection section to less than 1 micrometer, in order 
to stop low the rate of an optical absorption in the 2nd conductivity-type semiconductor layer by the side 
of the photodetection section which has the same carrier concentration as a light-emitting part side since 
it is determined depending on the resistance in a light-emitting part. 

[0012] Invention of a claim 2 defines that the semiconductor layer thickness of the 2nd conductivity 
type of the above in aforementioned one field is 5 micrometers or less. 

[0013] Although the 2nd conductivity-type semiconductor layer thickness by the side of a light-emitting 
part can make resistance small so that it is thick, since the part growth time will become long and mass- 
production nature and crystallinity will pose a problem if thickness is thick, it may be 5 micrometers or 
less. 

[0014] Invention of a claim 3 It defines that the carrier concentration of the semiconductor layer of the 
2nd conductivity type of the above is 5xl017-2xl019cm-3. 

[0015] When thickness of the 2nd conductivity-type semiconductor layer by the side of a light-emitting 
part is set to 5 micrometers of the upper limit, and carrier concentration required for the reduction in 
resistance is set to 5xl017cm-3 and it is referred to as 1 micrometer of the minimum, the carrier 
concentration of 2xl019cm-3 is needed. Therefore, when it takes into consideration that it is 1 
micrometer - 5 micrometers about the thickness of the 2nd conductivity-type semiconductor layer by the 
side of a light-emitting part, as for the carrier concentration, it is desirable to be referred to as 5x1017- 
2xl019cm-3. 

[0016] Invention of a claim 4 defines that the semiconductor layer thickness of the 2nd conductivity 
type of the above in aforementioned one field is 2-3 micrometers. When mass-production nature and 
both sides with crystallinity are considered as low resistance-ization of the 2nd conductivity-type 
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semiconductor layer by the side of a light-emitting part, it is desirable to make thickness into the above- 
mentioned range. 

[0017] Invention of a claim 5 defines that the carrier concentration of the semiconductor layer of the 2nd 
conductivity type is lxl018-lxl019cm-3. When thickness of the 2nd conductivity-type semiconductor 
layer of a light-emitting part is set to 2 micrometers - 3 micrometers which is a more suitable range, as 
for the viewpoint which secures low resistance to the carrier concentration, it is desirable to be referred 
to as lxl018-lxi019cm-3. 

[0018] Invention of a claim 6 defines that the semiconductor layer thickness of the 2nd conductivity 
type of the above in the field of aforementioned another side is 0.8 micrometers or less. 
[0019] As shown in claims 6 and 7, it is [ the semiconductor layer thickness of the 2nd conductivity type 
of the above in the field of aforementioned another side ] preferably good to be referred to [ 0.8 
micrometers or less ] as 0.5 micrometers or less still more preferably. It is because optica] -current 
conversion efficiency in the photodetection section is highly securable. In addition, as for the thickness 
of the 2nd conductivity-type semiconductor layer of the field in this photodetection section, it is 
desirable that it is 0.1 micrometers or more. One of the reason of this is because problems, such as 
generation of heat, will arise that current cannot flow easily if less than this lower limit. Moreover, it is 
because a photoelectric conversion efficiency does not improve as below-mentioned even if carrying out 
the thickness control also of the manufacture process top to below the lower limit at the time of etching 
makes it the thin film which is less than about [ being difficult ] and its lower limit as other reasons. 
When this point is taken into consideration, the thickness of the 2nd conductivity-type semiconductor 
layer of the field in this photodetection section is referred to as 0.4-0.5 micrometers, practically 
sufficient photoelectric conversion efficiency is obtained and, moreover, a manufacture process does not 
have a bird clapper as it is difficult. 

[0020] The aforementioned optical resonator was formed between the reflective mirror of a couple, and 
the reflective mirror of the aforementioned couple, and defines by invention of a claim 8 the 
composition containing the multilayer semiconductor layer which contains a barrier layer and a clad 
layer at least. In this case, the upper layer side of the aforementioned multilayer semiconductor layer 
which contains the aforementioned clad layer at least is used as the pillar-shaped portion formed pillar- 
shaped, and an insulating layer embeds and is formed in the circumference of the aforementioned pillar- 
shaped portion. Furthermore, the up electrode which attends the end face of the aforementioned pillar- 
shaped portion, and has opening is prepared further, and the optical outgoing radiation side mirror of the 
mirrors of the aforementioned couple covers the aforementioned opening, and is formed. 
[0021] According to this structure, the current poured into a resonator and the light which this produces 
in a barrier layer are shut up by the pillar-shaped portion embedded in the insulating layer, and can carry 
out laser oscillation efficiently. 

[0022] In adopting the above-mentioned structure, as shown in a claim 9, the inside of the reflective 
mirror of the aforementioned couple, The mirror formed on the semiconductor layer of the 2nd 
conductivity type of the above is a semiconductor multilayer mirror. The aforementioned multilayer 
semiconductor layer which the mirror by the side of the aforementioned optical outgoing radiation is a 
dielectric multilayer reflecting mirror, and is formed between the mirrors of the aforementioned couple 
The 1st clad layer formed on the aforementioned semiconductor multilayer mirror, and the barrier layer 
of the quantum well structure formed on the aforementioned 1st clad layer, It is desirable that the 
aforementioned pillar-shaped portion is constituted by the aforementioned 2nd clad layer and the 
aforementioned contact layer including the 2nd clad layer formed on the aforementioned barrier layer 
and the contact layer formed on the aforementioned 2nd clad layer. 

[0023] With this structure, the current poured into the optical resonator is efficiently changed into light 
by the quantum well barrier layer, it is the reflective mirror which consists of a semiconductor 
multilayer mirror and a dielectric multilayer reflecting mirror, and when the light goes back and forth 
between the reflective mirrors which have a comparatively high reflection factor by multilayer structure, 
is efficient and is amplified. And the current poured in into the optical resonator and the light generated 
and amplified are shut up by the insulating layer embedded to the circumference of a pillar-shaped 

http://www4.ipdI.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 7/9/2003 



Page 4 of 15 



portion, and can perform laser oscillation operation efficiently. 

[0024] Invention of a claim 10 is characterized by insulating electrically between the 2nd conductivity- 
type semiconductor layer of one field, and the 2nd conductiyityrtype semiconductor layers of the field of 
another side, respecti vely between the 1st conductivity-type semiconductor layer of one field, and the 
1st conductivity-type semiconductor layers of the field of another side. 

[0025] If it carries out like this, the reflected light of the laser beam by which a light-emitting part and 
the photodetection section became independent electrically, for example, outgoing radiation was carried 
out from the light-emitting part can be received in the photodetection section, the reflectivity can be 
measured, and it can use as various sensors. 

[0026] Invention of a claim 1 1 defines the manufacture method of the field luminescence type 
semiconductor laser equipped with the photodetection section of a claim 8. Are common to the above 
1st on the (a) aforementioned substrate, and the 2nd field in forming field luminescence type 
semiconductor laser in the 1st field on a high resistance semiconductor substrate, and forming a 
photodiode in the 2nd field on the aforementioned substrate by this method. The semiconductor layer of 
the 1st conductivity type, and the semiconductor layer of the 2nd conductivity type with a thickness of 1 
micrometers or more, Each class excluding the reflective mirror by the side of optical outgoing radiation 
among the optical resonators formed in the multilayer semiconductor layer formed the reflective mirror 
of a couple, and between them, The process which **********$ the upper layer side of the 
aforementioned multilayer semiconductor layer which contains a clad layer at least pillar-shaped, and 
forms a pillar-shaped portion about the process which carries out ****** epitaxial growth, and the 1st 
field of the above of the (b) aforementioned epitaxial growth phase, (c) The process which embeds and 
forms an insulating layer in the circumference of the aforementioned pillar-shaped portion, and the 
process which forms the up electrode which attends the end face of the (d) aforementioned pillar-shaped 
portion, and has opening, (e) The process which covers the aforementioned opening and forms the 
reflective mirror by the side of optical outgoing radiation, and the 2nd field of the above of the (f) 
aforementioned epitaxial growth phase are ********** e d to the middle of the semiconductor layer of 
the 2nd conductivity type of the above. It is characterized by having the process which forms the 
semiconductor layer thickness of the 2nd conductivity type of the above in less than 1 micrometer. 
[0027] Invention of a claim 12 defines the manufacture method of the field luminescence type 
semiconductor laser equipped with the photodetection section of a claim 9. The reflective mirror of the 
(a) process of invention of a claim 1 1 was used as the semiconductor multilayer mirror, the multilayer 
semiconductor layer was used as the 1st clad layer of the 2nd conductivity type, the barrier layer of 
quantum well structure, the 2nd clad layer of the 1st conductivity type, and the contact layer of the 1st 
conductivity type, and this method defines growing these each class epitaxi ally one by one. 
[0028] Invention of a claim 13 defines the manufacture method of the field luminescence type 
semiconductor laser equipped with the photodetection section, at the aforementioned process (a), sets 
carrier concentration of the semiconductor layer of the 2nd conductivity type of the above to 5x1017- 
2xl019cm-3, and forms the semiconductor layer thickness of the 2nd conductivity type of the above in 5 
micrometers or less. 

[0029] Invention of a claim 14 defines the manufacture method of the field luminescence type 
semiconductor laser equipped with the photodetection section of a claim 5, at the aforementioned 
process (a), sets carrier concentration of the semiconductor layer of the 2nd conductivity type of the 
above to lxl018-lxl019cm-3, and forms the semiconductor layer thickness of the 2nd conductivity type 
of the above in 2-3 micrometers. 

[0030] Invention of a claim 15 defines the manufacture method of the field luminescence type 
semiconductor laser equipped with the photodetection section of a claim 6, and forms the semiconductor 
layer thickness of the 2nd conductivity type of the above in 0.8 micrometers or less at the 
aforementioned process (e). 

[0031] Invention of a claim 16 defines the manufacture method of the field luminescence type 
semiconductor laser equipped with the photodetection section of a claim 7, and forms the semiconductor 
layer thickness of the 2nd conductivity type of the above in 0.5 micrometers or less at the 
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aforementioned process (e). 

[0032] Invention of a claim 17 irradiates the light of predetermined wavelength at least at the 
aforementioned process (a) to the aforementioned mirror of the aforementioned 2nd conductivity-type 
semiconductor layer and its upper layer at the time of epitaxial growth of the aforementioned mirror of 
the 2nd conductivity-type semiconductor layer and its upper layer. It is characterized by controlling the 
thickness of the aforementioned mirror of the aforementioned 2nd conductivity-type semiconductor 
layer and its upper layer by detecting the reflectance spectrum and measuring the reflection factor pro 
FAIRU. 

[0033] Thereby, about a light-emitting part, while being able to form the thickness of the 2nd ; 
conductivity-type semiconductor layer as the design value for low resistance, the thickness for obtaining 
a predetermined refractive index by the reflective mirror can also be formed as a design. In addition, the 
thickness of the 2nd conductivity-type semiconductor layer in which it ********** s a t the next (f) 
process when talking about a photodetection section side, and the thickness of the mirror of the upper 
layer can be strictly controlled at the time of membrane formation, and etching for obtaining 
predetermined thickness at the (f) process becomes easy. 

[0034] In invention of a claim 1 8, it process [ aforementioned ] (f) Set, and at least, at the time of 
etching of the aforementioned mirror of the 2nd conductivity-type semiconductor layer and its upper 
layer, the light of predetermined wavelength was irradiated at the semiconductor layer of the 2nd 
conductivity type of the above, and the aforementioned mirror of the upper layer, the reflectance 
spectrum was detected, and the reflection factor pro FAIRU is measured. Thereby, the amount of 
etching of the semiconductor layer of the 2nd conductivity type of the above for obtaining 
predetermined thickness is strictly controllable. Furthermore, since etching and POIN of the 
aforementioned mirror of the upper layer can also be measured strictly, the etching starting point of the 
semiconductor layer of the 2nd conductivity type of the above for obtaining predetermined thickness can 
also be measured strictly. 

[0035] the manufacture method of field luminescence type semiconductor laser that invention of a claim 
19 was equipped with the photodetection section of a claim 10 - giving a definition - between the 
above 1st and the 2nd field - the [ the aforementioned 1st conductivity-type semiconductor layers and ] 
- the process which insulates 2 conductivity-type semiconductor layers is established further 
[0036] Invention of claims 20-22 defines the sensor using the field luminescence type semiconductor 
laser equipped with the photodetection section according to claim 10. 

[0037] The laser beam by which outgoing radiation was carried out from the light-emitting part was 
irradiated at the measuring object-ed from which a position changes, the reflected light was received in 
the aforementioned photodetection section, and the claim 20 defines the sensor which detects the 
position of the aforementioned measuring object-ed. 

[0038] the member which displaces the laser beam by which outgoing radiation was carried out in a 
claim 21 according to the pressure which acts from a light-emitting part - irradiating - the reflected 
light - the aforementioned photodetection section - receiving light - the above - a variation rate - the 
sensor which detects the size of the pressure which acts on a member is defined 
[0039] In [ any ] a sensor, with a light-emitting part, it is efficient and laser oscillation can be carried 
out, and in the photodetection section, since feeble optical intensity also becomes detectable and the 
relative position of a light-emitting part and the photodetection section is moreover determined in the 
patterning precision in a photolithography process, sensing with a high precision can be performed. 
Moreover, both sensors can be constituted from a minute size and loading of them to small parts etc. is 
attained. 

[0040] The claim 22 defines the sensor which has two or more aforementioned photodetection sections 
which receive the aforementioned reflected light of the laser beam by which outgoing radiation was 
carried out from the one aforementioned light-emitting part, respectively in a claim 20 or 21. In this 
case, sensing can be performed based on the distribution of the light income detected in two or more 
aforementioned photodetection sections, respectively, and detection precision can be improved as 
compared with sensing only based on the optical intensity at the time of preparing the single 
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photodetection section. 
[0041] 

[Embodiments of the Invention] Hereafter, one example of this invention is explained with reference to 
a drawing. 

[0042] (Outline of whole structure) Drawing. 1 is the cross section showing typically the cross section of 
the light-emitting part of field luminescence type semiconductor laser equipment equipped with the 
photodetection section in one example of this invention, and the photodetection section, and drawing^ 
is the outline perspective diagram. 

[0043] As for the semiconductor laser equipment 100 with the photodetection section shown in drawin g 
1 and drawing 2 , light-emitting part 100 A and photodetection section 100B are formed in a different 
field on the high resistance semiconductor substrate 102, respectively. In this example, light-emitting 
part 1 00 A is field luminescence type semiconductor laser, and photodetection section 1 00B is formed by 
the photodiode. As a superficial layout of this light-emitting part 100A and photodetection section 100B, 
as shown in dra win g 2 , photodetection section 100B is formed in four around light-emitting part 100A. 
Such an one apparatus chip that has a layout superficially can be used as various kinds of sensors. For 
example, when carrying out outgoing radiation of the laser beam and detecting the reflected light by four 
photodetections sections 100B from light-emitting part 100A towards the member from which a position 
changes, the amount of displacement of the member from which a position changes can be calculated by 
the distribution of the light income received by four photodetections sections 100B. When this one 
apparatus chip constitutes a sensor, the number of light-emitting part 100A and photodetection section 
100B is not limited to the number shown in drawing 2 . What is necessary is just to have one or more 
photodetection section 100B to one light-emitting part 100 A. Or you may have two or more 
photodetection section 1 00B to two or more light-emitting part 1 00A. 

[0044] (Common structure on a substrate) When the common structure of light-emitting part 100 A and 
photodetection section 100B is explained first, in this example, it is formed in a GaAs substrate, high 
impurity concentration is three or less [ 1x101 6cm - ] preferably, and the high resistance semiconductor 
substrate 102 is three or less [ lxl 01 5cm - ] still more preferably. 

[0045] On the high resistance GaAs substrate 102, 1st conductivity-type semiconductor layer, for 
example, p type GaAs layer, 101 A is formed, and 2nd conductivity- type semiconductor layer, for 
example, n type Ga0.85aluminum0.15As layer, 101 B (the layer by the side of light-emitting part 101A 
is set to 101B1, and let the layer by the side of photodetection section 10 IB be 101 B-2s) is further 
formed on it. In addition, this 1st [ the ] and the 2nd conductivity-type semiconductor layers 101 A and 
101B can be formed in what changed composition of aluminum of other materials, for example, a 
GaAlAs layer, according to the wavelength of a laser beam. In addition, when carrying out the monitor 
of the reflection factor and performing a thickness control at the time of membrane formation or etching 
so that it may mention later, as for the 1st and the 2nd conductivity-type semiconductor layers 101 A and 
101B, it is desirable to consider as the combination from which material or composition differs from a 
viewpoint which carries out the monitor of increase of a reflection factor and the reduction clearly. 2nd 
conductivity-type semiconductor layer 101B is made into the same quality of the material as 1st 
conductivity-type semiconductor layer 101 A, and since forming in an n type GaAs layer is also possible 
and both layers differ in the polarity of a carrier, and concentration in this case, the reflection factor at 
the time of the above-mentioned monitor can be changed for every layer. However, when the quality of 
the material or composition is replaced with, change of a reflection factor cannot be expected in like! 
About this point, it mentions later with reference to drawin g 9 . 

[0046] Here, the 1st formed in the field of photodetection section 100B, 2nd conductivity-type 
semiconductor layer 101 A, and 101 B-2 constitute a photodiode. 

[0047] On the other hand, the 2nd conductivity-type semiconductor layer 101B1 formed in the field of 
light-emitting part 100 A functions as a bottom electrode layer for pouring current into the optical 
resonator of field luminescence type semiconductor laser. Although it can combine with this 2nd . 
conductivity- type semiconductor layer 101B1 and 1st conductivity-type semiconductor layer 101 A can 
also be operated as an electrode layer for laser oscillation, about this point, it mentions later. 
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[0048] Furthermore, it is also possible to detect the light which leaked the 1 st formed in the field of 
light-emitting part 100 A, 2nd conductivity-type semiconductor layer 101 A, and 101B1 from light- 
emitting part 100 A, and to use it as a photodiode for monitors which carries out the monitor of the laser 
luminescence intensity. 

[0049] In order to give each function mentioned above, the 1st of the field of light-emitting part 100A, 
2nd conductivity-type semiconductor layer 101A, and 101B1 are exposed, and these exposed surfaces 
1 15a and 1 15c turn into an electrode pattern formation side, respectively. Similarly, 1st conductivity- 
type semiconductor layer 101 A of the field of photodetection section 100B is also exposed, and this 
exposed-surface 1 15b becomes an electrode pattern formation side. 

[0050] In addition, since 2nd conductivity-type semiconductor layer 101B1,101 B-2 formed in light- 
emitting part 100A and photodetection section 100B, respectively is formed at the same membrane 
formation process, it grows epitaxially on a substrate 102 by the same carrier concentration. However, it 
********** s a £|- er me mbrane formation and 2nd conductivity-type semiconductor layer 101 B-2 by the 
side of photodetection section 100B serves as a thin film from the 2nd conductivity-type semiconductor 
layer 101B1 of light-emitting part 100A. 

[0051] Moreover, in this example, the 1st formed in the field of light-emitting part 100 A, 2nd 
conductivity-type semiconductor layer 101 A, 101B1, the 1st that were formed in the field of 
photodetection section 100B, 2nd conductivity-type semiconductor layer 101A, and 101 B-2 are 
electrically insulated by the separation slot 116. However, when using as the method which drives light- 
emitting part 100A based on the current into which semiconductor laser with this photodetection section 
was changed in photodetection section 100B, for example, an element used for an optical 
interconnection, it is not necessary to insulate above-mentioned layer 101A, 101B1 and 101A, and 101 
B-2 in the separation slot 1 16 etc. 

[0052] (Structure of a light-emitting part) Next, light-emitting part 100A is explained. On the 2nd 
conductivity-type semiconductor layer 101B1, the laminating of an n type aluminum0.8Ga0.2As layer 
and the n type aluminum0.15Ga0.85As layer is carried out by turns. As opposed to the light near the 
wavelength of 800nm for example, 99.5% or more of reflection factor The distribution reflection type 
multilayer mirror of 40 pairs which it has (below this) 103 which writes a "DBR mirror", the 1st clad 
layer 104 which consists of an n type aluminumO.7GaO.3As layer, and n- type GaAs - a well - from a 
layer and an n- type aluminumO.3GaO.7As barrier layer — changing - this - a well — the quantum well 
barrier layer 105 (in the case of this example) by which a layer is constituted from 21 layers it is the 
barrier layer of multiplex quantum well structure (MQW) - the laminating of the contact layer 109 
which consists of the 2nd clad layer 106 and p+ type aluminumO.15GaO.85 As layer which consist of a p 
type aluminumO.7GaO.3As layer is carried out one by one 

[0053] And to the middle of the 2nd clad layer 106, seen from the upper surface of the layered product 
of a semiconductor, it ********** s j n circular or a rectangle configuration, and the pillar-shaped 
portion 1 14 is formed. If the cross section parallel to the substrate 102 of this pillar-shaped portion 1 14 
is made into the rectangle which consists of a long side and a shorter side, the direction of the plane of 
polarization of the laser beam by which outgoing radiation is carried out from the oscillation field of the 
pillar-shaped portion 1 14 can be arranged in the direction of a shorter side. 

[0054] To the circumference of this pillar-shaped portion 1 14, it is embedded by the 1st insulating layer 
107 which consists of a silicon oxide (SiOx film) of the Si02 grade formed of heat CVD, and the 2nd 
insulating layer 108 which consists of heat resistant resins, such as a polyimide, etc. 
[0055] The 1st insulating layer 107 is continuously formed along the front face of the 2nd clad layer 106 
and the contact layer 109, and the 2nd insulating layer 108 is formed in the state of embedding the 
circumference of this 1st insulating layer 107. 

[0056] As the 2nd insulating layer 108, insulating silicon compound films, such as silicon carbonization 
films (SiCX film), such as a silicon oxide (SiOX film) of Si02 grade, a silicon nitride (SiNX film) of 
Si3N4 grade, and SiC, and an SOG (SiOX of Si02 grade by spin-on glass method) film, or the II-VI 
group compound semiconductor film of a polycrystal is sufficient as for example, ZnSe etc/besides heat 
resistant resins, such as the above-mentioned polyimide. It is desirable to use the silicon oxide, 
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polyimide, or SOG film of the Si 02 grade which can be formed at low temperature also in these 
insulator layers. Furthermore, formation is easy and it is desirable to use an SOG film from a bird 
clapper easily, as a front face is flat. 

[0057] Here, thickness is 500-2000A and the 1st insulating layer 107 which consists of a silicon oxide 
(SiOx film) of drawin g 1 is formed of the heat CVD of an ordinary pressure. The 2nd insulating layer 

108 which consists of a heat resistant resin etc. is required in order to carry out flattening of the front 
face of an element. For example, although it had high resistance in the heat resistant resin, when it is 
easy to generate remains of moisture in a film, the semiconductor layer was made to contact directly and 
it energizes for an element for a long time, a void occurs in an interface with a semiconductor and the 
property of an element is degraded. Then, like this example, if a thin film like the 1st insulating layer 
107 is inserted in a boundary with a semiconductor layer, the 1st insulating layer 107 will serve as a 
protective coat, and the above-mentioned degradation will not arise. Although there are kinds of the 
formation methods of the silicon oxide (SiOx film) which constitutes the 1st insulating layer, such as a 
plasma CVD method and a reactant vacuum deposition, the membrane formation method by the 
ordinary-pressure heat CVD which makes N2 (nitrogen) gas carrier gas is most suitable using SiH4 
(mono silane) gas and Q2 (oxygen) gas. Since the reason reacts with atmospheric pressure and forms 
membranes under conditions with still more superfluous 02, a film and a bird clapper with them, and its 
step coverage are good, and the side and the level difference section of the pillar-shaped portion 1 14 are 
also that the same thickness as a flat part is obtained. [ there are few oxygen deficiencies in a SiOx film, 
and precise ] 

[0058] In addition, it can also form for example, not only in what forms a buried layer by the 1st and the 
2nd insulating layer 107,108 but in an II- VI group compound semiconductor epitaxial layer. 
[0059] Moreover, the contact metal layer (top electrode) 112 which consists of Cr and a Au-Zn alloy 
contacts the contact layer 109 and in the shape of a ring, is formed, and serves as an electrode for current 
pouring, for example. The portion which is not covered by the top electrode 112 of this contact layer 

109 is exposed circularly. And the laminating of the 2nd 205-layer layer, for example, the Ta, is fully 
carried out for the exposed surface (this portion is henceforth described as "opening 113") of the contact 
layer 109 to the 1st layer, for example, the SiOx layer of Si02 grade, by turns in wrap area, and the 
dielectric multilayer reflecting mirror 1 1 1 of seven pairs which have 98.5 - 99.5% of reflection factor to 
the light near the wavelength of 800nm is formed. 

[0060] The optical resonator 120 is formed in the multilayer semiconductor layer formed the mirror 
103,1 1 1 of this couple, and between them. And the 1st layer which constitutes a dielectric multilayer 
reflecting mirror 111, and each two^layer thickness are set as lambda/4n, when wavelength of the laser 
beam which has the optical-resonator 120 interior guided is set to lambda and the refractive index of the 
wavelength lambda in each class is set to n. 

[0061] (Laser oscillation operation by the optical resonator) Forward voltage is impressed between the 
bottom electrode layers 10 IB 1 in contact with the top electrode 1 12 and the electrode which was formed 
on pattern formation side 1 15a shown in drawmgJL and which is not illustrated, and current (in the case 
of this example, voltage is impressed in direction of [ from the top electrode 112] 2nd conductivity-type 
semiconductor layer 101B1 which is bottom electrode layer) pouring is performed. The poured-in 
current is amplified when the light goes back and forth between the reflecting mirrors which are changed 
into light by the quantum well barrier layer 105, and consist of a DBR mirror 103 and a dielectric 
multilayer reflecting mirror 111. And the current poured in into the optical resonator 120 and the light 
generated and amplified are shut up by the 1st and the 2nd insulating layer 107,108 which were 
embedded to the circumference of the pillar-shaped portion 114, and can perform laser oscillation 
operation efficiently. v 

[0062] And a laser beam is perpendicularly emitted to a substrate 102 through opening 1 13 (exposed 
surface of the contact layer 1 09), and a dielectric multilayer reflecting mirror 111. 
[0063] As other drive methods, in p type semiconductor layer 101 A, the n-type-semiconductor layer 
101B1, and p type section of an optical resonator 120, transistor structure can be constituted and it can 
also energize to a barrier layer. For example, if minute current is added to the n-type-semiconductor 
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layer 101B 1 when the voltage which carries out laser oscillation is applied between p type 
semiconductor layer 101 A and the top electrode 112, current will be poured into a barrier layer 
according to the switching effect of a transistor, and laser oscillation will become possible. Since such a 
drive method can control the oscillation of laser, and un-oscillating by switching of minute current, it 
can carry out laser oscillation of two or more light-emitting part 100 A on one substrate 102 at high 
speed. 

[0064] Here, the 2nd conductivity-type semiconductor layer 101 Bl which functions as a bottom 
electrode layer of field luminescence type semiconductor laser needs to set resistance of the longitudinal 
direction to about severalohms. The reason is that generation of heat by this resistance cannot be 
disregarded if resistance of a **** and the 2nd conductivity-type semiconductor layer 101B1 has several 
lOohms of about 50-100ohms of element resistance of light-emitting part 100 A. 
[0065] Depending on the thickness and carrier concentration of the layer, if the resistance of this 2nd 
conductivity-type semiconductor layer 101B1 has thick thickness, it can make carrier concentration low. 
Although the thickness of this 2nd conductivity -type semiconductor layer 101B1 is so good that it will 
thicken thickness if resistance is carried out from a viewpoint suppressed low, the part growth time 
becomes long and a problem produces it in mass-production nature and membranous crystallinity. When 
this point is taken into consideration, as an upper limit of the thickness of the 2nd conductivity-type 
semiconductor layer 101B1, 5 micrometers or less of things set to 3 micrometers or less still more 
preferably are good. 

[0066] Next, the minimum of the thickness of the 2nd conductivity-type semiconductor layer 101B1 is 
decided by how much carrier concentration is made to an excess. When thickness of the 2nd 
conductivity-type semiconductor layer 101B1 is set to less than 1 micrometer, in order to make 
resistance low, the superfluous carrier concentration exceeding 2x101 9cm-3 is needed, and fear of 
crystal degradation becomes high. And since it will be generated also like 2nd. conductivity-type 
semiconductor layer 101 B-2 by the side of optical-resonator 100B formed of the same process, this 
crystal degradation leads to degradation of optical-current conversion efficiency of a photodiode. 
Therefore, the thickness of the 2nd conductivity- type semiconductor layer 101B1 is 1 micrometers or 
more. 

[0067] If it says from a viewpoint which presses down resistance low and shortens growth time from the 
above consideration, as for the thickness of the 2nd conductivity- type semiconductor layer 101B1 of 
light-emitting part 100 A, what is set as 2-3 micrometers is desirable. 

[0068] In addition, it is desirable to make it 5 micrometers or less in consideration of mass-production 
nature and crystallinity also with the thickness of 1st conductivity-type semiconductor layer 101 A. 
Moreover, if it is desirable to be referred to as 1 micrometers or more and it is less than this value, the 
problem on which generation of heat and current stop being able to flow easily will produce the 
thickness of this layer 101A. 

[0069] Next, when the carrier concentration of 2nd conductivity-type semiconductor layer 100B1,100 B- 
2 was considered and thickness of the 2nd conductivity-type semiconductor layer 101B1 of light- 
emitting part 100 A is set to 5 micrometers of the upper limit, carrier concentration required for the 
reduction in resistance is set to 5xl017cm-3. On the other hand, when thickness of the 2nd conductivity- 
type semiconductor layer 101B1 is set to 1 micrometer of the minimum, in order to make resistance low, 
the carrier concentration of 2xl019cm-3 is needed. 

[0070] Therefore, when the thickness of the 2nd conductivity-type semiconductor layer 101B1 of light- 
emitting part 100 A takes into consideration that it is 1 micrometer - 5 micrometers, as for the carrier 
concentration, it is desirable to be referred to as 5xl017-2xl019cm-3. 

[0071] Furthermore, when referred to as 3 micrometers which the carrier concentration taken to secure 
low resistance when thickness of the 2nd conductivity-type semiconductor layer 101B1 of light-emitting 
part 100 A is set to 2 micrometers which is the minimum of the more suitable range is lxl019cm-3, and 
is an upper limit, the carrier concentration is lxl018cm-3. Therefore, when thickness of the 2nd 
conductivity-type semiconductor layer 101B1 is set to 2-3 micrometers which is a more suitable range, 
as for the carrier concentration, it is desirable to be referred to as lxl018-lxl019cm-3. 
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[0072] (Photodetection operation in the photodetection section) It is reflected with the object which 
should be measured and incidence of the laser beam by which outgoing radiation was carried out from 
light-emitting part 100 A is carried out to photodetection section 100B. This photodetection section 100B 
constitutes the photodiode by the 1st, 2nd conductivity-type semiconductor layer 101 A, and 101 B-2, 
and optical - current conversion is carried out in the depletion layer formed in the interface between this 
both layer 101 A and 101 B-2. And light income can be outputted as an electrical signal using the 
electrode which is formed on 2nd conductivity-type semiconductor layer 101 B-2 of photodetection 
section 100B and which is not illustrated, and the electrode which is formed on pattern formation side 
1 15b shown in drawing J, and which is not illustrated. 

[0073] Here, since 2nd conductivity-type semiconductor layer 101 B-2 of photodetection section 100B 
is formed in the same process as the layer 101B1 to which light-emitting part 100 A corresponds, its 
carrier concentration in this layer 101 B-2 is comparatively high, and it serves as an above-mentioned 
value. 

[0074] Then, at this example, by making thin thickness of 2nd conductivity-type semiconductor layer 
101 B-2 in photodetection section 100B, the rate of an optical absorption is reduced and optical - current 
conversion efficiency is raised. In this example, the thickness of 2nd conductivity-type semiconductor 
layer 101 B-2 in this photodetection section 100B is set as less than 1 micrometer. 
[0075] Drawing 6 is as a result of [ which shows the thickness of 2nd conductivity-type semiconductor 
layer 101 B-2 at the time of setting oscillation wavelength of a laser beam to 800nm, and setting high 
impurity concentration in 2nd conductivity-type semiconductor layer 101 B-2 to lxl0<SUP>18cm-3, 
and a relation with the photocurrent changed ] a simulation. The conversion efficiency of a photocurrent 
is so high that the thickness of 2nd conductivity-type semiconductor layer 101 B-2 is thin so that clearly 
from drawin g 6 , it especially becomes 90% by 0.8 micrometers or less, and 95% of optical conversion 
efficiency can be obtained in 0.5 micrometers. If it says from this point, as for the thickness of 2nd 
conductivity-type semiconductor layer 101 B-2, it is preferably good to be referred to [ 0.8 micrometers 
or less ] as 0.5 micrometers or less still more preferably. In addition, as for this thickness, what is set to 
0.1 micrometers or more is good. It is because the problem of generation of heat will arise that current 
cannot flow easily if less than 0.1 micrometers which is the minimum of thickness. And 100%) of 
photocurrent is acquired in thickness 0. 1 micrometers or more, and it is because a photoelectric 
conversion efficiency does not improve as a thin film which is less than 0.1 micrometers so that clearly 
from drawin g 6 . 

[0076] (Manufacture process) Next, the manufacture process of the field luminescence type 
semiconductor laser 100 shown in dmwm^i is explained. Drawing^ (A) - (C) and drawin g 4 (A) - (C) 
and dra wing 5 (A), and (B) show the manufacturing process of field luminescence type semiconductor 
laser equipment equipped with the photodetection section. 

[0077] p type GaAs layer 101A and n type Ga0.85aluminum0.15As layer 101B are grown epitaxially 
into the high resistance GaAs substrate 102, respectively, and are formed in it. Under the present 
circumstances, the thickness of n type GaO.85aluminumO.15As layer 101B is formed by 1 micrometers 
or more, and is 5 micrometers or less preferably. Furthermore, the carrier concentration in n type 
GaO.85aluminumO.15As layer 101B is 5xl017-2xl019cm-3 preferably, and is lxl018-lxl019cm-3 still 
more preferably. In addition, the 2nd conductivity-type semiconductor layer 1 0 IB 1 of light-emitting 
part 100A is formed of an above-mentioned process. 

[0078] Then, the DBR mirror 103 of 40 pairs which carries out the laminating of an n type 
aluminum0.15Ga0.85 As layer and the n type aluminumO.8GaO.2As layer by turns, and has 99.5% or 
more of reflection factor to the light near the wavelength of 800nm is formed as a lower mirror, 
furthermore, n[ after forming the n type aluminum0.7Ga0.3As layer (the 1st clad layer) 104 ]- type 
GaAs - a well — the barrier layer 105 of the quantum well structure (MQW) which carried out the 
laminating of a layer and the n- type aluminumO.3GaO.7As barrier layer by turns is formed Then, the 
laminating of the p type aluminumO.7GaO.3As layer (the 2nd clad layer) 106 and the p type 
aluminum0.15Ga0.85As layer (contact layer) 109 is carried out one by one (refer to drawin g 3 (A)). 
[0079] above-mentioned each class 101 A and 101B and 103- 106 and 109 were grown epitaxially by the 
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organic-metal vapor-growth (MOVPE:Metal-Organic Vapor Phase Epitaxy) method 750 degrees C and 
the growth pressure were 150Torr(s), at this time, for example, growth temperature, the organic metal of 
TMGa (trimethyl zinc) and TMA1 (trimethylaluminum) was used for the III group raw material, and it 
used DEZn (diethyl zinc) for V group raw material at H2Se and p type dopant at AsH3 and n type 
dopant. 

[0080] Ordinary-pressure heat CVD is used on an epitaxial layer after formation of each class, and it is 
about 250 A Si02. The protective layer II which consists of a layer is formed. The surface contamination 
in a process is prevented by covering the semiconductor layer to which the laminating of this protective 
layer II was carried out. 

[0081] Next, it ********** s to the middle of the 2nd clad layer 106, leaving the field of the pillar- 
shaped portion 114 covered by the resist pattern Rl, and photodetection section 1 00B, and forming a 
slot 1 10 in the circumference of the pillar- shaped portion 1 14 by the reactant ion-beam-etching (RIBE) 
method. By operation of this etching process, the. pillar-shaped portion 1 14 has the same cross section as 
the profile configuration of the resist pattern Rl on it (refer to drawi ng 3 (B)). Moreover, in order to use 
the RIBE method, the side of the aforementioned pillar-shaped portion 1 14 is almost perpendicular, and 
does not almost have a damage to an epitaxial layer, either. As conditions for RIBE, it was referred to as 
power 1 50W of pressure 60mPa and input microwave, and cash-drawer voltage 350V, and the mixed 
gas of chlorine and an argon was used for etching gas, for example. 

[0082] Then, the resist pattern Rl is removed and it is about 1000A Si02 to a front face at ordinary- 
pressure heat CVD. A layer (the 1st insulator layer) 107 is formed. For example, the substrate 
temperature of 450 degrees C was used as process conditions in this case, SiH4 (mono silane) and 
oxygen were used as a raw material, and nitrogen was used for carrier gas. Furthermore, on this, the spin 
coat method is used and SOG (Spin on Grass) film 108L is applied, and by after that, for example, 80 
degrees C, it bakes in 2 minutes at 150 degrees C for 1 minute, and bakes in 30 minutes and in nitrogen 
at 300 more degrees C (refer to drawing 3 (C)). 

[0083] Next, SOG film 108L and Si02 Flattening was carried out so that the etching back of the film 
107 might be carried out and it might become flat-tapped with the front face of the exposed contact layer 
109 (refer to drawing 4 (A)). The reactive-ion-etching (RIE) method which used the parallel plate 
electrode is adopted as etching, and they are SF6 and CHF3 as reactant gas. And it was used combining 
Ar. 

[0084] Next, it leaves light-emitting part 100A pillar-shaped, and the circumference is ********** e d to 
the boundary of the lower mirror 103 and its lower layer n type Ga0.85aluminum0.15As layer 101B. If 
it puts in another way, etching for exposing the front face of n type Ga0.85aluminum0.15As layer 101B 
around light-emitting part 100A will be performed. 

[0085] For this etching, a protective coat 12 (for example, Si02) is formed, and the resist pattern R2 is 
formed in light-emitting part 100 A to which it should not **********, and the field which counters 
(refer to drawing 4 (B)). 

[0086] Next, as shown in drawing 4 (C), n type GaO.85aluminumO.15As layer 101B is ********** e d to 
the optimal thickness for the photodetection of photodetection section 100B only about photodetection 
section 100B and the field which counters. For this reason, the resist pattern R2 is formed in light- 
emitting part 100A and the field which counters. Furthermore, the field which forms electrode pattern 
formation side 115a behind is covered, and the resist pattern R3 is formed. By this etching, less than 1 
micrometer of 0.8 micrometers or less of n type Ga0.85aluminum0.15As layer 101 B-2s which are an 
element which constitutes a photodiode from photodetection section 100 A can be preferably formed in 
thickness 0.1 micrometers or more by 0.5 micrometers or less still more preferably. 
[0087] Next, as shown in drawing 5 (A), a level difference side is formed by etching, each class is 
exposed to p type GaAs layer 101 A and n type GaO.85aluminumO.15As layer 10161,101 B-2, and the 
electrode pattern formation sides 1 1 5a, 1 1 5b, and 1 15c are formed in them, respectively. Electrode 
pattern formation side 1 15a is formed in the n type GaO.85aluminumO.15As layer 101B1, and the 
electrode pattern for contacting the n type GaO.85aluminumO.15As layer 101B1 which is a lower 
electrode layer is formed behind. Electrode pattern formation side 1 15b is formed on p type GaAs layer 
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101 A of photodetection section 100B. Furthermore, electrode pattern side 1 15c is formed on p type 
GaAs layer 1 0 1 A by the side of light-emitting part 1 00A. 

[0088] Furthermore, in order to insulate electrically 1st conductivity- type : semiconductor layer 101 A of 
light-emitting part 100A and photodetection section 100B, and 2nd conductivity- type semiconductor 
layer 10161,101 B-2s of light-emitting part 100A and photodetection section 100B, etching removes 
each class 101 A and 101B in both boundary portion, and the separation slot 1 16 is formed. Although it 
is desirable to use dry etching in formation of this separation slot 1 16, since the interface in this 
separation slot 116 does not have influence in luminescence and light-receiving, it can also be formed 
with wet etching or a dicing saw. Moreover, it replaces with the insulation by the separation slot 116, 
and an impurity, for example, a proton, or oxygen ion may be introduced into the above-mentioned 
boundary portion with an ion implantation, and you may insulate. 

[0089] Next, the top electrode 112 which contacts the contact layer 109 and in the shape of a ring was 
formed by the well-known lift-off method (refer to dmw4ng_5 (B)). The contact layer 109 is exposed 
through the circular opening 1 13 of the top electrode 112, and a dielectric multilayer reflecting mirror 
(up mirror) 1 1 1 is formed by the well-known lift-off method or the etching method so that this exposed 
surface may fully be worn (refer to drawi ng 5 (B)). An electron-beam-evaporation method is used for 
the up mirror 111, and it is Si02. 7 pair laminating of the 205 layers of the Ta is carried out to a layer 
by turns, for example, and it is formed, and has 98.5 - 99.5% of reflection factor to the light near the 
wavelength of 800nm. The vacuum evaporationo speed at this time is Si02. 5A a part for /and 205 
layers of Ta considered as a part for 2 A/. 

[0090] According to the above process, the field luminescence type semiconductor laser with the 
photodetection section shown in dr awin g 1 is completed. 

[0091] Drawing 7 shows an example of the membrane formation equipment which can carry out the 
firm measurement of the reflection factor of an epitaxial layer into a crystal growth on the occasion of 
operation of the MOVPE method of dmwmg_l (A). In the MOVPE equipment which used the 
horizontal-type water-cooled coil, this membrane formation equipment loses the water-cooled tube 
portion of the growth substrate upper part, and is characterized by structure with the nonreflective 
aperture which can put in light on a growth substrate from the coil exterior. 

[0092] That is, when this MOVPE equipment lets water pass inside around the coil 210 which has gas 
supply section 210a and gas eccrisis section 210b to which material gas is supplied, the cooling section 
212 which cools a coil is formed. The susceptor 214 for laying Substrate S in the interior of a coil 210 is 
formed, and the surveillance aperture 216 is formed in coil 210 wall surface of the portion which faces 
the substrate installation side of this susceptor 214. The light source 218 and a light sensitive cell 220 
are installed above the surveillance aperture 216, the light by which outgoing radiation was carried out 
from the light source 218 reaches the substrate S on a susceptor 214 through the surveillance aperture 
216, and the reflected light is constituted so that a light sensitive cell 220 may be again reached through 
the surveillance aperture 216. 

[0093] And the light from the light source 218 is set up so that incidence may be mostly carried out to a 
perpendicular (a maximum of 5 degrees) on Substrate S, and it can measure change of the reflection 
factor of the epitaxial layer generated simultaneously, growing epitaxially on Substrate S by measuring 
the reflected light by the light sensitive cell 220. 

[0094] Drawing _8 shows with-time change of the reflection factor of an epitaxial layer in the process 
which carries out MOVPE growth of 2nd conductivity-type semiconductor layer 101B and the DBR 
mirror 103 which constitute the field luminescence type semiconductor laser equipment of this example 
using the membrane formation equipment shown in drawin g 7 . A horizontal axis shows the growth time 
of an epitaxial layer, and the vertical axis shows the reflection factor. Similarly, drawin g 9 shows the 
relation of the thickness and the reflection factor in the membrane formation process of 2nd 
conductivity- type semiconductor layer 101B in drawin g 8 . . 

[0095] The reflection factor is changing repeating periodically between the maximal value (about 32%) 
of a reflection factor, and the minimal value (about 30%), since it returns to the same reflection factor 
for every lambda/2n thickness etching when 2nd conductivity-type semiconductor layer 10 IB sets to 
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lambda wavelength which carries out a monitor and the refractive index of 2nd conductivity-type 
semiconductor layer 101 B is set to n, as shown in drawing j? . This reflection factor profile is not 
dependent on crystal-growth speed or growth time, and is dependent only on the thickness of 2nd 
conductivity-type semiconductor layer 101B. Therefore, the thickness of 2nd conductivity-type 
semiconductor layer 101B is strictly controllable by carrying out the monitor of this reflection factor 
profile. 

[0096] In addition, when the 1st and the 2nd conductivity-type semiconductor layers 101 A and 101B 
were formed by p type and n type GaAs, respectively as above-mentioned, between the maximal value 
(about 32%) of a reflection factor and the minimal value (about 31%) was repeated periodically, the 
difference of the maximal value and the minimal value is smaller, and the bird clapper became clear. 
Therefore, when employing an above-mentioned monitor, it is desirable to change the quality of the 
material or composition among both layers, and to enlarge a difference of a reflection factor more. 
[0097] On the other hand, a reflection factor decreases as membrane formation of the lower mirror 103 
is shown in drawing 8 and thickness will increase, if the laminating of the aluminum0.8Ga0.2As of the 
low refractive index nl is carried out at first on 2nd conductivity-type semiconductor layer 101B. Since 
point-of-inflection ** can be gone if thickness is set to (lambda/4nl), the monitor of this point of 
inflection is carried out, and it changes to **** G f aluminum0.15Ga0.85As of the high refractive index 
n2. And although the reflection factor increases if the thickness of an aluminumO.15GaO.85As layer 
increases, since point-of-inflection ** will be reached if thickness is set to (lambda/4n2), it changes to 
**** of aluminum0.8Ga0.2As of the low refractive index nl again. By repeating this operation, a DBR 
mirror is changed while the reflection factor repeats a low reflection factor and a high reflection factor, 
and the reflection factor increases it. 

[0098] This reflection factor profile is not dependent on crystal-growth speed or growth time, and is 
dependent only on the thickness of each class. Therefore, the DBR mirror 103 in which each class had 
the thickness (lambda/4n) as theoretical is obtained by changing aluminum composition of a layer which 
carries out a laminating in the point of inflection (primary differential value 0) of a reflection factor 
profile, and growing epitaxially by turns the layer from which a refractive index is different. 
[0099] Furthermore, since the reflection factor of DBR mirror 103 the very thing can be measured in a 
crystal growth, the number of pairs of the DBR mirror 103 can be changed during layer formation, or 
optimization of structure can be achieved. 

[0100] Moreover, compared with the membrane formation method of managing the conventional growth 
time, a throughput can produce a crystal-growth substrate with sufficient repeatability by the high 
method from it carrying out based on the growth rate of each class measured from point of inflection, ; 
and the thickness of each class above the DBR mirror 103 being controlled. The DBR mirror with 
99.5% or more of reflection factor required for a field luminescence type laser element was actually 
obtained with the sufficient controllability by the growth method of this example. 
[01 01] In addition, the above-mentioned thickness-control method can be used not only for the MOVPE 
method but for other the membrane formation processes, for example, MBE method etc., etc. 
[0102] Next, in case the RIBE method is adopted as dmwmgj4 (B) and (C), the example which used the 
means which carries out the monitor of the reflection factor mentioned above is described. 
[0103] Here, in the case of this etching, in order to obtain correctly the thickness of n type 
GaO.85aluminumO.15As layer 101 B-2 which is the 2nd conductivity-type semiconductor layer of 
photodetection section 1 00B, the etching system shown in drawin g 10 is used. 

[0104] DmwngJO is the schematic diagram of the RIBE equipment which can measure the reflection 
factor of an epitaxial layer, **********i n g. 

[0105] The vacuum pump 232 with which this RIBE equipment constitutes the plasma room 240 and an 
exhaust air means in an etching chamber 230 is connected. An etching chamber 230 has the electrode 
holder 234 for laying Substrate S in the position which counters the aforementioned plasma room 240. 
This electrode holder 234 is formed in attitude freedom through the load lock chamber 250. It is 
prepared in the position where the surveillance apertures 236 and 238 counter the side attachment wall 
by the side of the plasma room 240 of an etching chamber 230. And the reflective mirrors Ml and M2 of 
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a couple are formed on the line which connects the aforementioned surveillance apertures 236 and 238 
in an etching chamber 230. The light source 226 is installed in a way outside one surveillance aperture 
236, and the light sensitive cell 228 is installed in the way outside the surveillance aperture 238 of 
another side. Moreover, the gas supply sections 246 and 248 for the plasma room 240 supplying the 
microwave induction 244 and reactant gas to the plasma room 240 are connected. And the magnet 242 is 
formed in the circumference of the plasma room 240. 

[0106] In this RIBE equipment, while **********j n g the crystal layer formed on Substrate S by the 
usual method, the light irradiated from the light source 226 is irradiated on Substrate S through the . 
surveillance aperture 236 and the reflective mirror Ml, and the monitor of the reflection factor of the 
crystal layer on Substrate S can be carried out by measuring the reflected light by the light sensitive cell 
228 through the reflective mirror Ml and the surveillance aperture 238. 

[0107] Drawing 1 1 shows with -time change of the reflection factor of each class at the time of 
**********j n g us j n g t i ie etching system which shows n type GaO.85aluminumO.15As layer 101B and 
the DBR mirror 103 to dmwmgJK) . This drawing 11 is the same as that of what made reverse the time- 
axis of drawin g 8 which shows an epitaxial growth process. Therefore, the etching end point at the time 
of exposing the front face of 2nd conductivity-type semiconductor layer 101 B is strictly controllable by 
carrying out the monitor of the reflection factor profile to be shown in drawing 4 (B). The thickness 
management for **********ing 2nd conductivity-type semiconductor layer 101B of drawmgjj (C) 
furthermore performed after that to predetermined thickness is also strictly controllable. 
[0108] And in this example, since the monitor of the reflection factor profile at the time of the 
membrane formation can be beforehand carried out in case each class shown in drawing 3 (A) is grown 
epitaxially, it becomes possible to reach DBR mirror 103 and to control strictly etching of 2nd 
conductivity-type semiconductor layer 10 IB using the reflection factor profile at the time of this 
membrane formation. Moreover, etching based on this reflection factor profile is applicable also to 
etching of each class of the upper part of the DBR mirror 103. 

[0109] (Application to a position detection sensor) Draw ing 12 shows the example which applied the 
semiconductor laser equipment 100 with the photodetection section concerning the above-mentioned 
example to the position detection sensor. According to this sensor, the crevice 302 is formed in the 
candidate 300 for detection which should detect a position. The laser by which outgoing radiation was 
carried out from light-emitting part 100A is reflected in this crevice 302 and the other field, and the 
reflected light is detected in two photodetections sections 100B prepared in the circumference of light- 
emitting part 100A. By the way, light-remitting part 100A and photodetection section 100B are correctly 
arranged in patterning precision on the same substrate 102. Therefore, the position of the measuring 
object 300-ed is detectable by carrying out the monitor of the rate of the light income of the reflected 
light detected in this two photodetections sections 100B. When photodetection section 100B is one, the 
light income detected in the one photodetection section 100B can detect the position of the measuring 
object 300-ed. 

[01 10] (Application to a pressure sensor) Drawi ng 13 shows the example which applied the 
semiconductor laser equipment 100 with a detecting element concerning this example to the pressure 
sensor, the variation rate displaced with the pressure which this laser equipment 100 is arranged on a 
pedestal 400, and acts - the member 402, for example, a metal thin film, is arranged on the pedestal 400 
through the elastic body 404, for example, rubber In this pressure sensor, like the case of the position 
detection sensor shown in drawing 12 , the laser by which outgoing radiation was carried out is reflected 
with the rear face of the metal thin film 402, and the reflected light is detected by two or more 
photodetection section 100B from central light-emitting part 100A. And the size of the pressure which 
acts on the metal thin film 402 is detectable by carrying out the monitor of the rate of the light income 
detected in two or more of these photodetection section 1 00B. 

[0111] (Use of the photodetection section as an object for monitors) Photodetection section 100B can 
also be used in order to carry out the monitor of the intensity of the laser beam by which outgoing 
radiation is carried out from light-emitting part 100A. Generally, cap closure of this kind of 
semiconductor laser is carried out. In this case, the glass window for optical ejection formed in the cap is 
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processible so that about 1% of light may be turned to photodetection section 100B and it may be made 
to reflect. And it is reflected with a cap's glass window and the laser beam by which outgoing radiation 
was carried out from light-emitting part 100A can detect the reflected feeble light in photodetection 
section 100B. Under the present circumstances, if the intensity of the detected reflected light falls, it will 
be judged as the loss of power of semiconductor laser, and the automatic control of an optical output 
will become possible by passing many current to semiconductor laser by the APC (auto power control) 
circuit. 

[01 12] In addition, this invention is not limited to the above-mentioned example, and deformation 
implementation various by within the limits of the summary of this invention is possible for it. The 
semiconductor laser equipment with the photodetection section of this invention can be applied not only 
to what is applied to an above-mentioned position detection sensor, a pressure sensor, etc. but to a high 
electrical transmission speed light fiber link, a high-speed light coupler, an optical drive, optical space 
electrical transmission, an optical pickup, etc. What is necessary is just to determine whether insulate 
electrically light-emitting part 100 A and photodetection section 100B in the separation slot 116 etc. 
according to these uses. 

[01 13] Moreover, not only a thing but other various deformation implementation performed in the 
procedure shown in drawing 5 from drawin g 3 or sequence is possible for this invention method. For 
example, you may ********** the epitaxial layer by the side of photodetection section 100B 
simultaneously at the time of etching for forming the pillar-shaped portion 1 14 of dmwing3_ (B). Then, 
the epitaxial layer of the remainder by the side of photodetection section 100B which reaches DBR 
mirror 103 and contains 2nd conductivity-type semiconductor layer 101B can also be continuously 
********** e( j m m ^ e thickness of predetermined 2nd conductivity-type semiconductor layer 101 B-2 
is obtained. Furthermore, process sequence can also be replaced, for example, such as performing the up 
electrode 1 12 of drawin g 5 (B), and the formation process of a dielectric multilayer reflecting mirror 1 1 1 
in front of the process of drawing 4 (A). 
[0114] 



[Translation done.] 
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